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SUMMARY

The~eY ~otless AircrdtResearchDivisionhasmadeaninvesti-
gationto determinethezero-liftrollingeffectimnessofaJ1-movable
sweptbackhorizontaltail.firesmountedbehinda notcheddeltawingat a
constantangleof differentialincidenceof7° perfin. TWOmodels,one
witha stiffwing(solidaluminumalloy)andonewitha flexiblewing
(fiber-glass--plasticlsminate),weretestedinfreef13ghtovera Mach
numberrangefrom0.6to1..5.Theresultsindicatethattherollingeffec-
tivenesswasof aboutthesamemagmitudeat mibsonicandsupersonicspeeds
forbothmodels.Therollingeffectivenessofthef=ble-wing modelwas
about1.6timesthatofthestiff-wingmodelexceptinthetrausonicregion.

=IiJ’CTION

Theabilityofrecentjet-propelledaircrafttoreachsupersonicspeeds
whereconventionalaileronslosea largepartoftheireffectivenesshas
madeitnecessaryto considerothermeansoflateralcontrol.Previous
experienceindicatesthatall-movable-typecontrolsretaintheireffective-
nessatEnrpersoticspeeds.Dataarepresentedinreference1 fortheaU-
movablehorizontaltailasa lateralcontrolde~ceatlowspeeds,butvery
littleinformationisavailableontheaU-movabletail.athighsubsonic
andsupersonicspeeds.TheLangleyPilotlessAircraftResearchDivision
hasmadeaninvestigationto determinetherollingeffectiw3u33sof an
all-movablehorizontaltailata constantdifferentialangleofincidence
behinda notcheddeltawingovera rangeofMachnunbersfrm 0.6to1.5.
Tworocket-pro~elledmodels,onewitha stiffwingandonewitha fleti-
blewing,weretestedinfreeflightat zeroangleofattack.Theexperi-
mentaldatafrm themodelwiththestifferwingarecamparedwiththeo-
reticalesthates.
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SYM1301S

b

c

M

m

P

P

R

v

Y

pb/2V

b/2

‘t

e

total.wingspan,ft

wingchord,ft

Machnumber

twistingcoupleappliedatO.75b/2ina plane~arqllelto
modelcenterlineandperpendiculartowingchordplane,
in-lb

loadappliedatO.7’jb/2onwing40-percent-chordlineina
directionperpendiculartow3ngchordplane,lb

rollingvelocity,radians/see

Reynoldsnumber

modelflight-pathvelocity,ft/see

W3tances.long

wing-tiphelix

nondimensional.

sps.nfrommodelcenterline,ft

angle,radians

spanwisestation

deflectionof eachhorizontaltailfin(measuredparallel
tomodelcenterline)relativetomodelcenter13ne, deg

deflectionof& @-percent-chord13nein a direction
perpendiculartowingchordplaneresultingfrom P, in.

angleofwingtwistinplaneofad resultingfrom m,
radians

flexural-stiffnessparsmeter,in./lb

torsional-stiffnessparameter,radians/in-lb

angleof attack,deg

angleof sideslip,deg
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DESCRIPTIONOFMODEW)

Thegeometricdetailsanddimensions

ANDTESTS

of thetestmodelsareshown
inthephotographoffigure1 andthesketchoffigure2. Bothmodels
hadnotcheddeltawingsof aspectratio3.20,sweptback55°attheleading
edgeand10°atthetrailingedge.Exposedwingareawas1.58square
feet,b/2 was1.33feet,andthewingairfoilsectionwastheMACA
65AO03parallelto thefreestream.Thewingofmodel1 wasconstricted
of solidaluminumalloysndthewingofmodel2 ofa fiber-glass—plastic
laminate.Structural-stiffnesscharacteristicsofthewingsareshown
infigure3. Thehorizontaltailofeachmodelhadanaspectratioof
4.00,a taperratioof0.60,a semispanof0.67foot,anexposedarea
of0.28squarefoot,theNACA65Ao06airfoilsectionpsxadleltothefree
stream,andwassweptback45°atthequarter-chordline. Thehorizontal
tailfinsweredeflecteddifferentiallyabouta linethroughthe40-percent-
chordatthefinbodyjunctureperpen&i.culs,r to themodelcenterline. The
deflectionof eachfinwas7°. Solid-&minm-aJloyconstructionwasused
forthehorizontaltail.finsofbothmodels.Theverticaltailhadan
aspectratioof 3.16,a taperratioofO.U, a semispanof0.63foot,an
exposedareaof0.24squarefoot,ahdwassweptback45°attheleading
edge.Verticaltailfinsweremadeofl/16-inchsteelflatplaterounded
attheleadingedge.

ThemodelswerepropeJd.edto a Machnwber ofapproximately1.5by
two-stagerocket-propulsionsystems.Alltestdatawererecordedat a = 0°
duringperiodsoffreeflightfollowingburnotiofthesecondpropulsion
stage.Rollingvelocity,obtainedbymeansofradioequipment(spinsondes),
andmodelflight-pathvelocityandspacecoordinates,obtainedbymeansof
radar,wereusedwithatmosphericdatafromradiosondesto calculatethe
variationoftherolllingeffectivenesspsmmeter pb/2VwithMachnurber.
TherangeoftestReynoldsnu@ersis showninfigureh. A description
ofthetestmethodisgiveninmore

ACCURACYAND

detailinreference2.

CORRECTIONS

Itisestimatedthatthetestdataareaccuratewithinthefollowing
limits:

pb/2V. . . . . . . . . . . . . . . . . . . . . . . . . . . ..~O.004
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i-o.01

The pb/2V datahavebeencorrectedby themethodofreference3
forthewing-andtail-incidenceerrorsresultingfromconstructiontol-
erances.No correctionwasmadefortheeffectsofmomentofinertiain
rollsincereference2 showsthiscorrectiontobe negligible.

.
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RESULTSANDDISCUSSION

Thevariationoftherollingeffectivenessyarmeter pb/2V@th Mach
nmber ispresentedin figure5. Itmaybe seenfromfigure5 thatrolling
effectivenessisaboutthesameat subsonicandsupersonicspeedsforboth
models.Therollingeffectivenessoftheflexible-wingmodelwasabout
1.6timesthatofthestiff-wingmodelexceptinthetranaoficregionwhere
a reductionintherollingeffectivenessofthefl~ble-wingmodeloccurred.
Thehigherrollingeffectivenessoftheflexible-wingmodelisundoubtedly
duetothelowerdampinginrolloftheflexiblewing. The pb/2V values
offigure5 wouldprobablybe sufficientathighmibsonicandsupersonic
speeds,butareratherlowinthelowsubsonicrange.Thesepb/2V values
were obtainedat zerolift,however,andreference1 indicatesthatrolling
effectinnessoftheall-movabletailincreaseswithincreasingliftcoef-
ficient.SinceatlowspeedsanairplaneisususXlyoperatingathigh
liftcoefficient,therollingeffectivenessoftheadl-movableW would
probablybehigherthanthatoffigure5.

Theratiooftailareatowingareaandthetaillengthofthemodels
arefairlyrepresentativeofpresentfull-scaleairplanessotherolXng
effecti~ss ofthemodelsshouldbe a goodesthateoftheroUingeffec-
tivenessofa flill-scsleairplanewithsimilsrwingmd tailplanforms
andequivalentwingstructuralcharacteristics.,Mostfull-scqleairplane
wingswouldprobablybestifferthantheflexiblewingbutnotas stiffas
thestiffwingofthepresentinvestigationsotherollingeffectiveness
of a fuU-scaleairplanewouldbe somewherebetweentherolJingeffective-
nessofthestiff-wingmodelandtherollingeffectivenessoftheflexible-
wingmodel.It shouldbenotedthatthedataofthisinvestigationare
fora taildeflectionof7°perfin,andhighertaildeflectionsareprob-
ablypracticable.

RolJ&ngeffectivenessofthestiff~wingmodelis comparedwiththeo-
retic~estimatesinfigure6. !l?heoreticslrollingeffectivenesswas
calculatedusingthestriptheoryofreference3 andthemodifiedlifting-
linetheoryofreference4. Thepresenceofthebodyandwing-tailinter-
ferencewereneglectedinthecalculations.~gure 6 showsthatstrip
theoryoverestimatedexperia@ntby about~ percent.Themodifiedlifting-
linetheorygaveverygoodagreaent

CONCLUDING

withexperiment.

.

Theresultsofa free-f~ghtinvestigationoftherollingeffective-
nessofall-movablehorizontaltailfinsata constantdifferentialangle
ofincidenceof70perfintidicatethattherollingeffectivenessofthe
all-movabletailwasofaboutthesamemagnitudeat subsonicandsupersonic
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6peeds.Therollingeffectiven.essofa flexible-wing(fiber-glass—plastic
laminate)modelwasabout1.6timesthatofa stiff-wing(solidaluminum
aU.oy)modelexceptinthetransonicregion.

LsmgleyAeronauticalLaboratory,
NationalAdtisoryCmmitteeforAeronautics,

-ey Field,Vs.,NovaiberU, 1954.
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Figure2.-Sketchoftestmodel.
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Structid-stiffnesschar=teristicsoftestwings.
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Figure4.-VariationofReynoldsnumberwithMachnunber.
ntierbasedonmeanexposedwingchordof0.703.
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